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aortic aneurysm repair
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Nima Abbassi-Ghaddi, MBBS, MRCS,a Robert Hill, MBBS,b and Mark Bentley, MBBS,b
Chichester, United Kingdom
Introduction:Traditional open surgical repair for abdominal aortic aneurysm (AAA) is a major procedure with a relatively
high risk of perioperative morbidity. This article describes the results of minimally invasive open AAA repair through a
transverse left upper quadrant minilaparotomy.
Methods: Between January 2007 and June 2010, 83 consecutive patients (77 men) underwent elective or urgent repair of
a nonruptured AAA through a horizontal transperitoneal left upper quadrant minilaparotomy. Postoperatively, patients
were fast-tracked through a multidisciplinary recovery program.
Results: Repairs were urgent in 15 patients (18%), and 10 (12%) had aortoiliac aneurysms. American Society of
Anesthesiologists (ASA) scores 1 to 4 were 3.6%, 44.6%, 42%, and 11%, respectively. Median (range) age was 73 (61-87)
years, AAA size was 5.9 (5.1-10) cm, body mass index was 27 (19-39) kg/m2, operation time was 150 (85-280) minutes,
blood loss was 625 (200-4150) mL, critical care bed days was 1 (0-19), and hospital stay was 4 (2-88) days. Four (4.8%)
patients returned to the operating theater within the same admission. No patients required conversion to full laparotomy
and none had reintervention postdischarge. Two patients (2.4%) died in the hospital, and 18 (21.7%) had postoperative
adverse events, ranging from urinary retention to myocardial infarction. New-onset atrial fibrillation was the commonest
of these events (11, 13.3%). Respiratory tract infection incidence was low (4.8%). Incisional herniation developed in two
patients (2.4%) at a median (range) follow-up of 10 (6-25) months. Correcting for age, cardiac complications were
associated with increased odds of hospital stay>4 days (odds ratio [OR], 7.59; 95% confidence interval [CI], 1.12-52.42;
P .014). Correcting for ASA score, advancing age was associated with increased risk of cardiac complications (OR, 1.18;
95% CI, 1.08-1.28; P  .001), whereas AAA screening (patient identified through screening) and maintaining higher
intraoperative systolic pressure were both protective (OR, 0.24; 95% CI, 0.07-0.87; P  .018) and (OR, 0.93; 95% CI,
0.89-0.98; P  .009), respectively.
Conclusion: Left upper quadrant minilaparotomy is a feasible minimally invasive approach to open AAA repair. This
technique is associated with low morbidity and mortality and short hospital stay, particularly in patients identified
through AAA screening. (J Vasc Surg 2011;53:1514-9.)
o
o
m
i
l
s
t
e
E
l
m
n
s
p
A
t
e
e
t
m
g
n
tTraditional open repair of abdominal aortic aneurysms
(AAAs) was first performed in 19511 and remained the
predominant method of AAA repair for several decades.
Although the morbidity and mortality rates from this tech-
nique have improved in recent years,2 the improvement
does not appear to be universal, with large vascular data-
bases reporting mortality figures in the region of 5%.3 Even
with improvedmajor outcomes, open AAA repair remains a
resource-intensive procedure, with an estimated critical
care bed use of 2 to 4 days and overall hospital stay of 7 to
15 days.2,4
With an ever-increasing demand for improved out-
comes, faster recovery, and shorter hospital stay, it was only
a matter of time before alternative methods to traditional
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1514pen AAA repair were introduced. The most notable
f these was the endovascular aneurysm repair (EVAR)
ethod first introduced by Parodi et al.5 Other methods
ncluded laparoscopic6 and the minimal incision midline
aparotomy.7 EVAR emerged from these minimally inva-
ive approaches as the most likely contender to replace tradi-
ional open repair as the main AAA treatment method. How-
ver, and two decades on, some concerns remain regarding
VAR’s reintervention rates as well as its intermediate and
ong-term durability as well as cost-benefit.8-12 Further-
ore, EVAR remains dependent on favorable aneurysm
eck and iliac anatomy and is therefore not an option for
ome patients.
The gradual adoption of large-scale AAA screening
rograms will lead to an increase in the number of elective
AA interventions and a reduction in the median age of
hose undergoing these procedures.13 Inevitably, more
mphasis will be put on treatment durability and cost-
ffectiveness. With these considerations in mind, open aor-
ic aneurysm surgery will likely continue to play a role in the
anagement of AAA disease.14 However, it is vital that the
ap in early outcomes between EVAR and open surgery is
arrowed as much as possible to allow better freedom of
reatment choice by patients and clinicians. This report
escribes a single-center experience in the treatment of a
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Volume 53, Number 6 Hafez et al 1515cohort of mostly AAA-screened patients using a left upper
quadrant transperitoneal minilaparotomy approach.
METHODS
Patients. Between January 2007 and June 2010, 83
consecutive patients were included. Most were referred
from a regional AAA screening program for men aged 65.
The surveillance arm of the program also accepted other
age and gender groups with incidentally found small AAAs.
Patients with small AAAs under surveillance were seen by
the treating surgeon once their aneurysm diameter reached
4.5 cm. At this consultation, patients were assessed for
cardiovascular risk factors, and measures were taken to
optimize their operative risks. All patients were prescribed
an antiplatelet and a statin at this stage. Smokers were given
advice and assistance to stop smoking. Patients with symp-
tomatic cardiac or respiratory disease were referred to the
corresponding specialities for optimization.
Indications for AAA intervention were aneurysms
reaching 5.5 cm in size, symptomatic aneurysms of any
size, and aneurysms with a growth rate of 1 cm/y.
Patients who met the criteria for intervention were seen by
the treating surgeon and were further assessed for periop-
erative risks. Computed tomography (CT) angiography,
cardiac ultrasound imaging, and lung function tests were
done at this stage. Patients with an American Society of
Anesthesiologists (ASA) grade 2 were referred for a pre-
admission anesthetic assessment.
No aneurysms or patients were excluded for being
anatomically unsuitable for this technique. In addition,
uni- and biiliac aneurysm disease, previous abdominal sur-
gery, and large body habitus were not considered as being
exclusion criteria. All patients in this cohort had infrarenal
AAAs. Three patients required partial suprarenal clamping
(one renal artery above and one below clamp level) for
reimplantation of low renal/accessory renal arteries.
Surgical technique. The described technique in this
study was developed during a 3-year period preceding the
start date of this work. During this period, various maneu-
vers to achieve optimum exposure and control of the aneu-
rysm neck and iliac vessels were attempted. Postoperative
recovery protocols were also developed during this period.
All patients received a general anesthetic and a thoracic
epidural. Central venous and radial arterial catheters were
placed, but no patients underwent placement of nasogastric
or pulmonary artery catheters.
Patients are positioned supine with the surgeon stand-
ing to the left and one assistant to the right. The operating
table is tilted to the right by 10° to 15° to assist with small
bowel retraction. The incision is placed in the left upper
quadrant horizontally between the midline medially and
the anterior axillary line laterally for 10 to 12 cm, depend-
ing on the body habitus. The vertical level of the incision is
determined by the length of the aneurysm neck and the
condition of the iliac arteries, as demonstrated on the
preoperative CT angiogram.
After the skin incision is placed, the abdominal cavity is
opened through a standard rectus muscle-cutting tech- uique. In slim patients, the rectus muscle can be retracted
edially rather than divided. In this case, care should be
aken not to tear its lateral border by retraction. Upon
ntering the abdominal cavity, the aneurysm neck, sac, and
ommon iliac arteries are exposed by retracting the small
owel, transverse colon, and left colon to their natural
natomic confines.
Patients who have had previous abdominal surgery may
equire adhesiolysis to gain access to the aorta. Such adhe-
iolysis need not be extensive, because all that is needed is
he exposure of the space between the left mesocolon and
he base of the small bowel mesentery. The retraction is
aintained by using a table-mounted surgical retractor
Fastsystem,Omni-Tract Surgical, St Paul,Minn). The iliac
essels and the aneurysm neck are then controlled in this
rder, if possible.
An important maneuver used at this stage and at later
tages is the retraction of the whole wound cephalad or
audad to allow better exposure of the aneurysm neck or
he iliac vessels, respectively. This is based on the observa-
ion that horizontal abdominal incisions have a good de-
ree of mobility in the vertical plane and that exposure of
oth ends of the aneurysm at the same time is not necessary.
For common iliac aneurysms, the left common iliac
rtery and bifurcation can be readily exposed by reflecting
he sigmoid colon medially and dividing the parietal peri-
oneum in the paracolic gutter along the base of the meso-
olon. The graft limb can later be tunneled through the
ative vessel to the bifurcation. For right common iliac
neurysms, exposure to the level of the bifurcation can be
ifficult with the aorta unclamped. In such patients, we
ontrol the aneurysm neck and left common iliac artery first
nd then open the aneurysm sac and use a balloon occlusion
atheter to control the right common iliac artery.
After control, the aneurysm is repaired in a standard
ashion using readily available long instruments. Figures
to 5 show key stages of an aortic-right common iliac
neurysm repair procedure using the described tech-
ique.
Upon completion, the abdominal wall is closed enmass
ig 1. Position and standard length of incision in a patient with
ortic-right common iliac aneurysm.sing nonabsorbable suture material. If the rectus muscle
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sheaths will need to be closed separately.
Postoperative care. All patients are entered in a fast-
track recovery program unless contraindicated. As part of
this program, patients are extubated in the operating the-
ater and are actively encouraged to begin consuming fluids
Fig 2. Proximal exposure shows the aneurysm neck (I) and the
retracted left renal vein (II). Distal wound retraction is not re-
quired at this stage.
Fig 3. The sac has been opened and the proximal aorta prepared
for anastomosis. Iliac control is achieved by balloon occlusion
catheters. Aortic neck is prepared for anastomosis (I). Stay sutures
placed between aneurysm sac and abdominal wall (II) obviate the
need for a sac retractor and create a barrier between the bowel and
the operative field. The distal retractor is not necessary at this stage
but is kept in place for demonstrative purposes. Note that the
aortic bifurcation and the iliac vessels remain out of the field.once fully awake. A light diet is introduced the same vening. On postoperative day 1, a normal diet is intro-
uced, all invasive monitoring is withdrawn when appro-
riate, and patients are actively encouraged to mobilize out
f bed. Discharge plans are made for individual patients at
his stage, according to their progress.
Follow-up intervals after discharge were at 6 weeks and
t 6 and 18 months. Hospital length of stay noted in the
esults refers to the total time spent in the hospital or a
ehabilitation facility before discharge to home.
Data collection and analysis. Patient demographics
nd preoperative, intraoperative, and postoperative data
ere prospectively collected and retrospectively analyzed.
ajor complications were defined as myocardial infarction
biochemically confirmed), respiratory failure (ventilation
ig 4. Proximal and left common iliac anastomoses have been
ompleted. Intraoperative photo demonstrates left common iliac
nastomosis at origin (I), the right common iliac aneurysm (II),
nd common iliac bifurcations (III). Note that the upper border of
he incision is now almost at the level of the aortic bifurcation.
ig 5. Distal anastomoses are complete. Intraoperative photo
hows right common iliac aneurysm sac (I), the left common iliac
nastomosis at the origin (II), and the right common iliac anasto-
osis at the bifurcation (III).24 hours postoperatively), and renal failure requiring
c
w
r
d
b
h
r
f
i
T
V
A
U
M
P
B
C
T
T
L
F
a
T
a
b
h
N
JOURNAL OF VASCULAR SURGERY
Volume 53, Number 6 Hafez et al 1517dialysis. Statistical analysis was done using Stata SE 10.1
software (Stata Corp LP, College Station, Tex). Nonpara-
metric statistical methods were used, except for age. Odds
ratios (ORs) are presented with 95% confidence intervals
(CIs). Statistical significance was assumed when P  .050.
RESULTS
Table I reports the demographic data for the 83 pa-
tients in this cohort. Median (range) age was 71 (61-84)
years for AAA-screened patients and 77 (64-87) years for
non-AAA-screened patients (P .001, unpaired t test). No
conversions to full laparotomy were required. Table II
reports the preoperative and intraoperative parameters. Ta-
ble III lists the postoperative adverse events. There were
two deaths in this series, with an overall mortality rate of
2.4%. Both patients were octogenarians (83 and 86 years),
with an ASA of 4 and 2, respectively who died of early
multiorgan failure.
Four patients returned to the operating theater: two for
limb ischemia, and two for bleeding. The incision in the
two patients with postoperative bleeding had to be ex-
tended to allow rapid control. In both patients, however,
the incisions remained within the left upper quadrant. All
Table I. Demographic data
No. (%) or
Variable Median (range)
Total procedures, No. 83
Males 77 (93)
Age 73 (61-87)
From AAA screening program 59 (71)
Large aneurysm on first scan 6 (7.2)
1 surveillance scans before referral 53 (63.8)
Current smokers 11 (13.2)
Hypertension 48 (57.8)
Cardiac history 47 (56.6)
Diabetes 13 (15.7)
Body mass index, kg/m2 27 (19-39)
Estimated glomerular filtration rate 68.5 (25-125)
CKD classification
1 9 (10.8)
2 39 (47)
3 25 (30.1)
4 1 (1.2)
ASA score
1 3 (3.6)
2 37 (44.6)
3 35 (42.2)
4 9 (10.8)
Vascular POSSUM 16 (9-27)
Morbidity: predicted (actual) 57.2% (21.7)
Mortality: predicted (actual) 4.2% (2.4)
Albumin, mg 39 (11-47)
C-reactive protein 3 (1-42)
-blockers 35 (42.2)
Statins 63 (75.9)
Antiplatelets 50 (60.2)
ASA, American Society of Anesthesiologists; CKD, chronic kidney disease;
POSSUM, Physiological and Operative Severity Score for enUmeration of
Mortality and Morbidity.four patients made a full recovery. One patient was on rourse for discharge on day 3; however, a stroke occurred
ithin few minutes after the central venous catheter was
emoved. This patient had the longest hospital stay (88
ays). Two patients had incisional herniation. Both had a
ody mass index higher than the cohort median, and one
ad a superficial wound infection. Neither patient required
eintervention.
Correcting for ASA score, logistic regression analysis
or cardiac complications showed increased odds with ris-
ng age (OR, 1.18; 95% CI, 1.08-1.28; P  .001), and
able II. Intraoperative and postoperative data
No. (%)
ariable Median (range)
ortoiliac aneurysmsa 10 (12)
rgent symptomatic 15 (18)
aximum aortic diameter, cm 5.95 (5.1-10)
rocedure time, min 150 (85-280)
lood loss, mL 625 (200-4150)
ore temp at end of procedure, °C 36.3 (35.4-37.6)
ime to free oral intake, hours 8 (2-356)
ime to epidural catheter removal, hours 41.5 (0-98)
ength of stay, days
Critical care (high/intensive care) 1 (0-19)
Hospital 4 (2-88)
2 days 7 (8)
3 days 15 (18)
4 days 22 (27)
5 days 11 (13)
6 days 8 (10)
7-10 days 11 (13)
10 days 8 (10)
ollow-up, months 10 (6-25)
Bifurcated aortoiliac grafts.
able III. Adverse events
Variable No. (%)
Myocardial infarction 2 (2.4)
New-onset atrial fibrillation 11 (13.2)
Cardiac failure 7 (8.4)
Respiratory failure 4 (4.8)
Pneumonia 4 (4.8)
Hemofiltration 2 (2.4)
Urinary tract infection 2 (2.4)
Urinary retentiona 5 (6)
Superficial wound infection 3 (3.6)
Return to theater 4 (4.8)
Bleeding 2 (2.4)
Limb ischemia 2 (2.4)
Stroke 1 (1.2)
Limb loss 0 (0)
In-hospital death 2 (2.4)
Readmission 30 daysb 2 (2.4)
Incisional hernia 2 (2.4)
Reintervention after discharge 0 (0)
Recatheterization required.
One additional patient who lived out of the area was admitted to a local
ospital as a precaution after a short, self-limiting episode of abdominal pain.
o intervention was required and the patient was discharged within hours.educed odds with AAA screening (OR, 0.24; 95% CI,
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June 20111518 Hafez et al0.07-0.87; P  .018) and higher intraoperative systolic
pressure (OR, 0.93; 95% CI, 0.89-0.98; P  .009). Also
correcting for ASA, cardiac complications were associated
with increased odds of hospital stay 4 days (OR, 7.59;
95% CI, 1.12-52.42; P  .014). Correcting for age, AAA
screening did not correlate with hospital stay of 4 days
(OR, 2.3; 95% CI, 0.44-12.09; P  .299).
DISCUSSION
This study describes the experience of a single center
with minimal-access open AAA repair through a transverse
left upper quadrant approach. Combined with a fast-track
postoperative recovery program, this technique is associ-
ated with low postoperative morbidity and mortality and a
short overall hospital stay.
Traditional open AAA repair is associated with pro-
longed intensive care and hospital stay.2,4,15 These out-
comes remained acceptable in the absence of other alterna-
tives. With the introduction of EVAR, an immediate and
considerable improvement in short-term AAA repair out-
comes was achieved. This led to a rapid transformation in
AAA repair services, with EVAR becoming the main
method of treatment.16 However, the technical depen-
dence of EVAR on aortic and iliac morphology and patency
and the uncertainties surrounding its durability and cost-
effectiveness meant that this procedure could not com-
pletely replace the need for open AAA repair. With further
long-term EVAR results now available, it is likely that
surgeons will shift toward more open repairs in the fu-
ture.14 These swings in preferred AAA repair methods are
bound to cause confusion to patients and service commis-
sioners. Clinicians will also have more difficulty explaining
the paradoxic disparity in short-term and long-term out-
comes between these two treatment methods. Conse-
quently, a strong case now exists for narrowing the gap in
early and late outcomes between EVAR and open AAA
repair.
The technique described here draws on the experience
of transverse abdominal incisions being less painful and
better to heal.17,18 It also relies on the better mobility of
transverse incisions in the longitudinal plane. Suchmobility
is sufficient to access the iliac vessels without significant
difficulty. Potential difficulty, however, arises with aneu-
rysms extending into the right common iliac artery. These
can be technically challenging, particularly in the early
learning curve. In these cases, traditional methods of vas-
cular control, such as circumferential vessel isolation and
external cross-clamping, may not be feasible. To overcome
this difficulty, we use balloon occlusion catheters to good
effect.
A main cause for reintervention after a traditional mid-
line open AAA repair is incisional herniation. The incidence
of this complication is 8%2 to 37%19 in longitudinal midline
incisions. Using abdominal wall ultrasound imaging,
Fassiadis et al18 found that at 4.4 years, the incidence of
incisional herniation after open AAA repair was 40% in full
transverse incisions vs 90% in full longitudinal incisions.
Their incisional hernia reintervention rate for the whole lohort was 8%. In our cohort, the incidence of clinically
etectable incisional herniation was 2.4%, with none re-
uiring reintervention. However, our median follow-up
ime was short, at 10months. Freedom from reintervention
nalysis for the Comparison of Endovascular Aneurysm
epair with Open Repair in Patients with Abdominal Aor-
ic Aneurysm-1 (EVAR-1)8 and Dutch Randomised Endo-
ascular Aneurysm Management (DREAM)9 trials showed
hat most reinterventions for open AAA repairs occurred in
he first year of follow-up. Although none of our patients
equired reintervention for incisional herniation after dis-
harge, we cannot exclude the possibility that with longer
ollow-up, some patients will require such reintervention.
Most of the complications in this study were cardiac.
he development of this complication was not related to
ortic cross-clamp time, -blocker, statin, or antiplatelet
ntake. However, referral from an AAA screening program
nd maintaining higher intraoperative systolic pressure
ere factors associated with lower odds for this complica-
ion independently of the ASA score. A regional AAA
creening program referred 71% of the patients in this
ohort. These patients were significantly younger and
ould have also had active cardiovascular risk optimization
t a much earlier stage of their disease. This might explain
he observed cardioprotective effect of this service.
AAA screening, however, did not correlate with shorter
ospital stay or with the development of noncardiac post-
perative complications. Therefore, AAA screening is likely
o be an important factor, but not the sole factor, respon-
ible for the favorable outcomes in this study.
The other cardioprotective factor observed was higher
ntraoperative systolic pressure. In this cohort, neither vol-
me of blood loss nor ischemia time (aortic cross-clamp
ime) correlated with intraoperative systolic pressure. One
ossible confounding factor is the vasodilatory effect of the
ntraoperative epidural infusion. With this in mind and in
ight of the minimum postoperative requirement of epidu-
al infusion in this cohort, this technique is now being
eplaced with preincision transversus abdominis plane
lock complemented with patient-controlled analgesia
ostoperatively.
The two deaths in this series occurred in octogenarians.
ome might argue that these patients should have been
ffered EVAR in preference to open AAA repair. In retro-
pect, this may have altered the outcome of only one of
hese two patients, because the condition of the iliac arter-
es of the second patient did not allow for EVAR. Despite
hese two deaths, the morbidity, mortality, hospital stay,
nd reintervention rates for this cohort compare well with
imilar figures from large EVAR series.2,20,21
This unit estimates that once fully operational, the
ational AAA screening program for England will detect
pproximately 3000 aneurysms every year in men aged 65.
hese men will have a projected life expectancy of 21
ears22 at the time of their AAA diagnosis. Assuming an
verage AAA repair age similar to screen-detected patients
n this study (71 years), vascular services in England are
ikely to face increasing numbers of relatively young AAA
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on treatment cost-effectiveness, with existing models being
based on men aged 74 years.23
Although the results from this report compare well
with other methods of AAA repair, it is important to
highlight that these are single-center results and will need
to be replicated by others. A drawback of this report is the
relatively short follow-up time and that patients have not
been offered aortic imaging as part of their follow-up. Such
imaging would have demonstrated any potential procedure-
specific long-term complications.
From the training point of view, we found our tech-
nique was relatively easy to teach. This is because it builds
on the existing general vascular surgical skills of most
trainees and does not require other skill sets, such as lapa-
roscopy.
CONCLUSIONS
The findings from this study demonstrate that open
AAA repair through a transverse left upper quadrant mini-
laparotomy is a feasible technique that is associated with
low morbidity and short hospital stay. Our data suggest
that this technique may be a suitable alternative to EVAR,
particularly in relatively young screening-detected AAA
patients. The wider adoption of minimally invasive open
AAA repair techniques will help narrow the current mor-
bidity and mortality and postoperative stay gap between
traditional open AAA repair and EVAR. This will allow
clinicians and patients more freedom of procedure choice
determined by individual needs rather than outcome con-
cerns.
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